INTRODUCTION
Experiments as early as 1896 on the diffusion of Ag and Au in Pb reported results which were 10'-10' times larger than for Pb self-diffusion. Subsequent measurements were made which verified that these results were characteristic of bulk diffusion and not the result of dislocations, grain boundaries, or dissolved impurity atoms. It was concluded that the diffusivity was proceeding by some type of interstitial mechanism. Over the intervening years there has been a great deal of interest and a wid e vari ety of expe rim ent al results reported concerning the anomalous diffusion in lead and other high-Z polyvalent solvents. The lead system which is typical of this class has probably received the greatest amount of attention. Numerous measurements involving the noble and near-noble metal impurity diffusion in Pb and Pb alloys have been made. These include diffusion in Pb of Cu, Ag, Au, Ni, Pd, Pt, Zn, Cd, and Hg, along with Pb self-diffusion. ' " The diffusion of Sn, Tl, Bi, and Na in Pb have also been measured. " " A model will be presented, which, it is hoped will. tie together all of the experiments from the many investigators.
A model which is consistent with all of the measurements has been rather slow in developing.
Very early, Seith and Keil, " upon finding no enhancement for Au diffusion in Pb(Au) alloy, suggested the interstitial impurity defect to explain the anomalous diffusivities of Ag and Au in Pb.
Frank and Turnbull, " trying to explain the anomalous diffusion of Cu in Ge, introduced the so-called dissociative mechanism in which the impurity is dissolved in both interstitial and substitutional sites. This mechanism has been quite successful in explaining many aspects of the anomalous diffusion in the high-& polyvalent hosts. Miller" in late 1969 introduced the interstitial-vacancy bound pair (iv pair) in order to explain the enhancement of Pb self-diffusion in Pb(Cd) alloys and the isotope effect" for Cd in Pb. Decker, Candland, and Vanf lect applied an equilibrium model" involving substitutional, interstitial, and interstitial-vacancy pairs to explain the widely varying diffusivities, activation energies, and activation volumes in the ambient and high-pressure data for the diffusion of Ag, Au, Cu, Pd, Cd, Hg, Ni, and Let us now consider the concentration dependence of D&(x) (1), (4), (5), and (8) gives the total concentration dependence of the impurity diffusivity:
where 21» = Z»(D» -D&0) +Z»(D» -Dio} for j ek, and I)» = Z»(D» -D,o}.
Assuming that the self-diffusivity is altered from Do, the value in the defect-free lattice, to D&, D, ', D, ' when the diffusing substitutional host atom is in the near vicinity Z;, Z, ', Z"'of the N&, N"and N"defects, one obtains an expression similar to Eq. (9} for the impurity concentration dependence for self-diffusion.
Equations (9) and (10) can be cast into the following simplified form to more clearly show the concentration dependence for impurity diffusion (9 ) and for self-diffusion (10 ): (10 ) where D(0) and D', are the impurity diffusivity and self-diffusivity in the limit as the impurity concentration x goes to zero and the a s and b s are concentration independent terms. It should be observed that Eq. (9 ) (Ref. 18) are shown in Fig. 2 . The data were fitted assuming that the diffusivity of substitutional and doublet impurities is small compared to interstitial dif- 
From Table I it can seem that bye ranges from about 20 for self-diffusion in Pb(Hg), to 101 for Pb(Ag), to 3300 for Pb(Au).
IMPURITY DIFFUSION
The analysis for impurity diffusion in pure Pb comes directly from Eq. (9) in the limit as the alloy concentration x approaches zero. In this case h(0) =1 and it will be assumed that the concentration of impurity atoms is everywhere very small. This further implies the use of high-specificactivity radioactive sources and very thin boundary layers. Equation (9) This suggests that within each of the three groups the differences in diffusivities are primarily the result of their differing masses, whereas the differences between groups is the result of the interstitial-substitutional energy-state difference AG, .
The activation volume AV, can be interpreted as the difference in the lattice volume as an impurity moves from an interstitial position to a substitutional position. Hence taking these volume differences one can write 6 U, = 6 V~-6 V"+4 V, p where 6 V~& is the interstitial formation volume or the increase in the lattice volume which results from inserting an interstitial impurity into the lattice, AV, P is the change in volume which results from replacing a substitutional impurity with a regular Pb atom, and AV" is the volume of relaxation about a free vacancy. This vacancy relaxation volume using the parameters from Impurity diffusion into pure Pb using extremely small impurity concentrations reduces to a twomechanism model involving only substitutional. and interstitial impurity defects. The doublet fraction in this case approaches zero, whereas the interstitial and substitutional impurity fractions remain finite. The wide variation in the measured activation energies and volumes for systems which seem to be dominated by an interstitial diffusion mechanism has been quite puzzling. However, the interstitial contribution to the activation energy and volume as seen from Eqs. (13) and (14) and Table II Vanfleet, Phys. Rev. B 5, 2085 (1972 .
